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Abstract

This white paper addresses the problem of efficient planning DVB-H networks with ICS telecom. This
document is intended for radio-planner, technical director, project manager, consultant to be aware

of the important goals to pursu e when planning a DVB-H network.
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It focuses not only on macro-scale DVBH planning and its analysis on the geo-marketing point of

view, but also provides methodologies for deep-indoor network densification, at the address level.
The suggested methodologies are divided into three topics:
1 Defining the coverage model :
o0 by defining the right thre shold for a given service class;
o0 by densifying the DVB-H network in dense urban areas.
1 Enhancing the business model according to technical inputs:
0 analyzing the impact of the chosen coverage model on the population;

0 ensuring interactive/billing service by complementing the DVB-H network with a

cellular infrastructure.

1 Analyzing the impact of the integration of a DVB-H service in the existing spectrum, as well

as checking the COFDM interference areas for SFN networks.
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Note : all provided values are FOR IN FORMATION ONLY, and can be replaced with values specific to equipment vendors or provied in

1 Acronyms

DVB-H RADIO-PLANNING ASPECTS
WITH ICS TELECOM

ETSI reference documents.

AGL Above Growund Level
QAM Quadrate Amplitude Modulation
i Protection for a given frequency offset
between the Wanted and the Unwanted
C/N Carrier-to-Noise ratio
COFDM Coded Orthogt;ﬂnjltiglree)?uency Division
DOPSK Differential Quasctj:iaﬂtt}a< é())/itrj]agternary) Phase-
DvB Digital Video Broadcasting
DVB-H DVB - Handheld
EIRP Effective Isotropic Radiated Power
FFT Fast Fourier Transform
GMSK Gaussian Minimum Shift Keying
HR High Resolution
HRP Horizontal radiation pattern
IFFT Inverse Fast Fourier Transform
ISI Inter -Symbol Interference
LOS Line Of Sight
MFEN Multiple Frequency Network
MPE-FEC Multi-Protocol Encapsule_ttion- Forward Error
Correction
MR Medium Resolution
NFS Nuisance Field Strength
ALOS Near Line of Sight. R(_eceived_signal with large
Fresnel zone blocking but in line of sight
NLOS Non Line of 'Sighjc (D'iffraction in Outdoor,
Diffusion in Indoor)
QPSK Quadrate (Quaternary) Phase-Shift Keying
SFN Single Frequency Network
UHF Ultra High Frequency
uw Unwanted (potential interferer)
VRP Vertical radiation pattern
W Wanted (Potential victim of interference)
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2 Coverage aspects

2.1 Cartographic data

ICS telecom manages cartographic layers necessary for :
- The computation of the coverage.
- The display of the coverage.

- The analysis of the coverage.

Two main types of cartographic datasets can be highlighted:

2.1.1 Cartographic environment for Macro-scale design

A typical medium resolution cartographic dataset for DVB-H radio-planning in ICS telecom would include

- aDigital Terrain Model;
The DTM provides XYZ information on the area of interest. It is used by ICS telecom in order to check the
path between the transmitter and the handset. The mobile unit can be in Line Of Sight (LOS), non Line of
Sight (NLOS) or near Line of Sight (nLOS)

- a Ground occupancyfile ("clutter") ;
The clutter layer is used in order to refine the calculated path according the environment on top of the
topography.

- imagery, such as a topographic map;

- population data at the post -code level.
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2.1.2 Cartographic environment for Micro-scale design

A typical high resolution cartographic dataset for DVB-H radio-planning in ICS telecom would include :

- aDigital Terrain Model;

- abuilding height file, providing for each building its corresponding height above ground level ;

- a Ground occupancy file ("clutter");
The clutter layer is used in order not only to locate the vegetation areas, but also to define the diffusion loss
per building type for accurate outdoor ->Indoor planning .

- imagery, such as a true-orthophoto;

- geo-marketing data at the address level.

2.2 Technical parameters of the sites

2.2.1 Main parameters

The main technical parameters of each sites can be configured :

General |F'atterns| Ehannelsl Site I .ﬁ.dvancedl

Type Signal

| TP s = ||DvE TMHz -
TETRA

~Ta/Re————|T-DAE

MHominal power [ I DTY

ATSC -
Ciynamic [dB] IISDE-T B MHz |i
OB EMHz
T« ant gain [dBd]
LB BkHz
Fix ant gain (dBd) [ DVE 5MHz

YR
Loszes [dB]: ILS

Tx add losses [dB] Egm

ERPM) | 2766340625
Frequency (MHz] [571.50000 | .|

Antenna height [m] |1 7300

T bandwidth [KHz) |?|:||:||:|_|:||:|

R bandwidth [KHz) I?[u]u_nu
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2.2.2 Radiation patterns
ICS telecom manages radiation patterns in the horizontal and the vertical plane. They can be manually

configured, imported from an equipment database or calculated using the positions and the technical

parameters of each panel they are made with (HRP, VRP,
[ O/ H BN |
— Lnnnilt ke [00 vt
 Ameowrantsy T sge
—_— 0 -» L wawey
T
W ne |4 ameelf
AT
arogia P Shon poats
o008
Gaila ===
TE | dded |
493/ GEBL oo
Weert (=
sl BS54 i frmel|
)
Azmeh )V Vet ) (OG0 feree)
¥ Adsvomenty |5 depoet
5
60

Even though the vertical pattern of broadcasting sites
located remotely does not have a major impact on the
overall coverage, it has quite a big impact when the
site is located in urban environment, specially in terms
of interference with regards to alternative service in

the same spectrum (Analog TV for instance).
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2.2.3 Advanced parameters

The area covered by a DVBH transmitter is strongly depending on the type of COFDM signal selected, which
depends itself on:

- the Modulation used,;

- the coding rate.

Field strength

64QAM
718

16QAM
3/4
QPSK
A
v CNt
S — Noise Floor
n
>
Distance
Generall F'attemsl Ehannelsl Site Advanced I
Type (0] Signal [15) M adulation [27]
Cae [Turpie = |[ove amHz | B =]
1E-QaM 344 h]
16-0aM 5/6
16-Qak 748
Coverage threshold [dBul* |53 Launch delay [us]B4-0ak 1/2 M2

B

" -u d... B4-0AM 2/3 M3
R threshald (4B uf |53 -p Frequency offset [KHz] 64-0aM 3/4

: E4-0AM B/5
Carrier ID Awailability 3FEAT
/N () [1g Activity (%) [100
Chatinel [#) |42 I Initial power |2?_DDDDD .
% #7009 O oher NFD | |

Typical required C/N

Modulation Code rate .
QPSK ) 8.5
QPSK 2/3 11.05

16QAM % 14.5
16QAM 2/3 175

Typical required C/N (Gl = Ya)




2.3 Propagation models and planning thresholds

2.3.1 The propagation models
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ICS telecom offers a flexible interface for the selection of the propagation model to be used. The choice of the

propagation model is made among :

- deterministic models (Fresnel method + ITU -R 526 diffraction and multipath effects for instance) ;

- empirical models (COST 231 for instance):

[CoRTZ37 apen configuration ]
Effectve height
K1 nex K1 fa L K2fa K5 ks
Lefop ™ fice™ 4000 [000 choquo@ie [000  tigiHewe (000 logiOHet)tkglOD) « AheAd e Az
€3 Ké K7
Av=[0W cHue 00 glon #d= oo . Dikacton |
" Lt ipind — Near held datarce
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o o2 c3 ca
Aze [3‘03" ';’T&_ < g0+ lum ‘bngFf«mtﬁm *Iog|0F) * g OF) Elbciren haght
™ Abeckits
Urban - chiter codes 199011
e C 8301 & At
8] c2 Cc3 4 ™ Relsive
Az 0,00 .{aoo “logiCfF]+ fum 'W‘WW‘F.M *Tog F] * log) 0F)
Open - chites codes: 056811 e et )
o [ 3 o4 ;-";’m'at:ﬂ
— = HX
M-IO.O‘J .1000 *log10fF) + [uon “loglOF/280+{000  *log10F) * bg! OF) Abw 08 Ry height <o 1.5 m
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F {0(0.0) Wz _ Ahﬁw & F5L higer &
Hel Fs.r" Cale 55 AzidanvbmlF]m B AzlUibany) loa) &8 Az (0pen| ﬁw L3
R FE“_' L fcborvee Uitsan] ﬁm & L |Utw 000 @ L|Opwn| ﬁm &
Sow || Loss | Core |

- coordination/regulation models (ITU-R 1546 for instance) :

Recommendation ITU-R P.1546-2 - Method for point-to-area predictions for terrestrial services in the frequency range 30MHz to 3GHz
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Each model has its own "range" of possible selection. Several inputs needto be considered before selecting a

propagation model:

- what is the purpose of the prediction ? Is it for accurate planning, or for a compatibility analysis during

a coordination process?

- whatis the quality of the cartograph ic database used as an input?

- what is the average distance between the transmitters and the target area ?

- do we have a measurement campaign over the area of interest that would model tuning?

- é

Purpose

Cartography available

Average distance
between the
transmitters and the

target area

Availability of a
measurement
campaign for model

improvement

Deterministic

Accurate planning

Empirical

Accurate planning

Coordination
Coordination
Licensing

Large scale planning

From 2m including
building height to 100m

including a clutter file

From 2m including
building height to 100m

including a clutter file

Low resolution

100m and above

No limitation but the

quality of the cartography

Possible limitation for
long distances (when the
main transmitter is

outside the city, which is

Possible limitation for
short distances

(transponders in urban

itself ) areas for deep indoor
usually the case in
) coverage)
broadcasting)
Useful
the planning margin Useless

according to the standard
deviation of the model

can be reduced

Compulsory

these models shall not be

tuned
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2.3.2 The planning thresholds

The planning threshold is the minimum signal level required in order to overcome noise. The required
equivalent field strength is expressed in dBuV/m and is based upon:

- the KTBFof the equipment;;

- the C/N ratio required;

- additional margins.

Even though ICS telecom features the corresponding calculator, some typical values are provided here-below.

F‘WE threshold parameters ﬂ‘

Frequency (MHz): (50000000
Receiver noize figure (dB): (300
Receiver noize bandwidth (KHz): (a000.00
RF signal-to-noise ratio required [dB]: [15
Receiver antenna gain [dBd): [.10.00

Height comection loss from 10m (dB): [0og
Building penetration loss for indoar (dB): [0og
Allowance for man-made noise (B [0.oo

Location prabability (%] (99

Standard deviation [dB): |5 0Q

Threshold calculator for DVB systems in ICS telecom

2.3.2.1 KTBF of the equipment

These values can be provided by the equipment manufacturer, or these values can be used if any:

Bandwidth

(MHz) Type Signal

8 (7.61) -100.2 Ta/Fis & ~lloveaMH:  +|
7 (6.66) -100.7

DVE SMHz
6(.71) -101.4 DVE SMH=

5 (4.76) -102.2
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2.3.2.2 The service class

The EBU specifes 4 classes d receivers :

Class Name ‘ Description
A Outdoor portable Outdoor reception at 1.5m AGL or above at very low or no speed
B Indoor portable Indoor reception at 1.5m AGL or floor level at very low or no speed
C Outdoor mobile Mobile outdoor reception at 1.5m AGL or above
D Indoor mobile Mobile indoor reception at 1.5m AGL or floor level

2.3.2.3 Antennagain

Band Class Gain
A,Band D -12dBd

v C -2dBd
A,Band D -7dBd

v C -1dBd

2.3.2.4 Equivalent FS without taking into consideration the propagation

Once the gains of the receiving antennas have been taken into account, the equivalent field strength in
dBpV/m according to the C/N are as follow :
C/N (dB)
2 8 14 20

Required field strength without regards to the propagation effects

(dBpV/m )
A, Band D 44 50 56 62 68
v C 34 40 46 52 58
A,BandD 43 49 55 61 67
v C 37 43 49 55 61
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2.3.2.5 Additional margins

2.3.2.5.1Height loss (if the ITUR 1546 model is used)
If the ITU-R 1546 model is used, the receiver is considered by default at 10m AGL. This height cannot be

considered as realistic for planning a portable reception. Correction factors are provided in order to adjust the
1546 calculation to a receiver located at 1.5m AGL.
This height loss correction shall only be used in case the 1546 model is selecied, and the Rx antenna height

fixed at 10m.

Environment

Suburban
\Y] 11 dB 16 dB 22 dB
\Y/ 13 dB 18 dB 24 dB

Height loss correction to apply to a 1546 prediction in order to obtain the signal received at 1.5m AGL

2.3.2.5.2Location percentageequirement
The values provided in 8Error! Reference source not found. are regardless of any propagation effects.

However it is necessary to consider these effects when considering DVBH reception in a practical
environment. In defining coverage it is indicated that due to the very rapid transition from near perfect to no

reception at all, it is necessary that the minimum required signal level is achieved at a high percentage of

locations.
Class Acceptable rec eption Good reception
A 70% Outdoor 95% Outdoor
Portable
B 70% Indoor 95% Indoor
C 90% Outdoor 99% Outdoor
Mobile
D 90% Indoor 99% Indoor

Indicative percentage of locations to take into account for a given quality of reception
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The location correction factor C depends on 2 parameters:

- the standard deviation s of the selected model :

Correlation

1059.0

Meazure [dB ph /) Cave... I
—

Frediction [dBp®/m)

[ w0 ¥R

. m‘ || -

| Delta [dB - gszt:
"IM M Ll’ e N m" HW N‘ WL M [ [:ﬂ

I 5355.0 I MEasUre
B prediction

Std dewiation [dB) 244 verage eror (dB) NRE] dist max: 3374 m

35.0 Frequency [MHz) I 29219 %< 3dB I o952

For outdoor DVB -H services , this value can be obtained per clutter code by performing a correlation

between a DVB-H measurement campaign and an ICS telecom prediction
For indoor DVB -H services, this value can also be obtained by correlation once the building diffusion

coefficient has been setup in ICS telecom (see the ATDI White Paper "mixed models").

50

U S I I -
AVG of the ponotratien los per building il

- A
P e
— 7. ";‘u‘ ------ X0 b 0 Manbor of (e el s
o A e o
e 0
‘”ﬂ)" — [,
g =3 . o e
-5 B

- a distribution factor m considering the received signal obeys a log-normal distribution

C=u.s

Percentage of locations 70 90 95 99
Distribution factor 0.52 1.28 1.64 2.33
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Location correction factor (dB)

S P F G EE AN PP F®F PR

Percentage of locations

—e— 3dB standard deviation —=— 5.5 dB standard dewviation 6 dB standard dewviation

Location correction factor according to the standard deviation of the model
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2.3.2.6 Planning threshold : some values

2.3.2.6.1Band IV using Medium Resolution cartography

56
Typical std dev. 5 dB in Outdoor
Planning | Acceptable- 70% 46.6 52.6 58.6 64.6 70.6
threshold Good - 95% 52.2 58.2 64.2 70.2 76.2
Typical std dev. 8 dB in indoor
Planning | Acceptable- 70% 48.2 54.2 60.2 66.2 72.2
threshold Good - 95% 57.1 63.1 69.1 75.1 81.1
Typical std dev. 5 dB in Outdoor
Vehicle entry loss 7 dB
Plaming | Acceptable- 90% 47.4 53.4 59.4 65.4 71.4
threshold Good - 99% 52.7 58.7 64.7 70.7 76.7
44 50 56 62 68
Typical std dev. 8 dB in indoor
Planning | Acceptable- 90% 54.2 60.2 66.2 72.2 78.2
threshold Good - 99% 62.6 68.6 74.6 80.6 86.6

Typical DVB-H planning thresholds in band IV using medium resolution cartography in ICS telecom

Note 1:
The height loss is not highlighted on purpose here. Please refer to § 2.3.2.5.1 in case the ITU-R 1546 model

has been used (5.5 dB standard deviation), and the coverage calculated at 10m AGL.

Note 2 :
The standard deviations provided here above use:
- adeterministic propagation model;

- amedium resolution clutter file with appropriate clutter heights and losses ;

- the "Rx over ground" mode for the location of the Rx according to the clutter file .
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56
Typical std dev. 3 dB in Outdoor
Planning | Acceptable- 70% 45.6 51.6 57.6 63.6 69.6
threshold Good - 95% 48.9 54.9 60.9 66.9 72.9
Typical std dev. 3 dBin indoor
Planning | Acceptable- 70% 45.6 51.6 57.6 63.6 69.6
threshold Good - 95% 48.9 54.9 60.9 66.9 72.9
Typical std dev. 3 dB in Outdoor
Vehicle entry loss 7 dB
Planning | Acceptable- 90% 44.8 50.8 56.8 52.8 68.8
threshold Good - 99% 48 54 60 66 72
44 50 56 62 68
Typical std dev. 3 dB in indoor
Planning | Acceptabde - 90% 47.8 53.8 59.8 65.8 71.8
threshold Good - 99% 51 57 63 69 75

Typical DVB-H planning thresholds in band IV using high resolution cartography in ICS telecom (including building heights)

Note 1:
The height loss is not highlighted on purpose here, as the 1546 model is considered as not applicable when

high resolution cartography is used.

Note 2 :
The standard deviations provided here above use:
- adeterministic propagation model;

- a building height file ;

- appropriate diffusion coefficients for the building ty pes.
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55
Typical std dev. 5 dB in Qutdoor
Planning | Acceptable- 70% 45.6 51.6 57.6 63.6 69.6
threshold Good - 95% 51.2 57.2 63.2 69.2 75.2
Typical std dev. 8 dB in indoor
Planning | Acceptable- 70% 47.2 53.2 59.2 65.2 71.2
threshold Good - 95% 56.1 62.1 68.1 74.1 80.1
Typical std dev. 5 dB in Outdoor
Vehicle entry loss 7 dB
Planning | Acceptable- 90% 50.4 56.4 524 68.4 74.4
threshold Good - 99% 55.7 61.7 67.7 73.7 79.7
43 49 55 61 67
Typical std dev. 8 dB in indoor
Planning | Acceptable- 90% 53.2 59.2 65.2 71.2 77.2
threshold Good - 99% 61.6 67.6 73.6 79.6 85.6

Typical DVB-H planning thresholds in band V using medium resolution cartography in ICS telecom

Note 1:
The height loss is not highlighted on purpose here. Please refer to § 2.3.2.5.1 in case the ITU-R 1546 model

has been used (5.5 dB standard deviation), and the coverage calculated at 10m AGL.

Note 2 :
The standard deviations provided here above use:
- adeterministic propagation model;

- amedium resolution clutter file with appropriate clutter heights and losses;

- the "Rx over ground" mode for the location of the Rx according to the clutter file .
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55
Typical std dev. 3 dB in Outdoor
Planning | Acceptable- 70% 44.6 50.6 56.6 62.6 68.6
threshold Good - 95% 47.9 53.9 59.9 65.9 71.9
Typical std dev. 3 dBin indoor
Planning | Acceptable- 90% 44.6 50.6 56.6 62.6 68.6
threshold Good - 99% 47.9 53.9 59.9 65.9 51.9
Typical std dev. 3 dB in Outdoor
Vehicle entry loss 7 dB
Planning | Acceptable- 70% 47.8 53.8 59.8 65.8 71.8
threshold Good - 95% 51 57 63 69 75
43 49 55 61 67
Typical std dev. 3 dB in indoor
Planning | Acceptable- 90% 46.8 52.8 58.8 64.8 70.8
threshold Good - 99% 50 56 62 68 74

Typical DVB-H planning thresholds in band IV using high resolution cartography in ICS telecom (including building heights)

Note 1:
The height loss is not highlighted on purpose here, as the 1546 model is considered as not applicable when

high resolution cartography is used.

Note 2 :
The standard deviations provided here above use:
- adeterministic propagation model;

- a building height file ;

- appropriate diffusion coefficients for the building types .
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2.4 Coverage analysis

2.4.1 Macro-scale mode

ICS telecom features exhaustive functionalities in order to display and analyze the coverage result.

L e Tl e i e e e e )
(2 [ &) %) o

Composite coverage of a DVB-H SFN network for an in-car mobile receiver

Best Server coverage of a DVB-H SFN network for an indoor mobile receiver




